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Abstract 
 
Local public health authorities often lack the capacity to adapt to climate change, despite being on the 
µIURQWOLQHV¶RIFOLPDWHLPSDFWV8SSHU-level governments are well positioned to create an enabling 
HQYLURQPHQWIRUDGDSWDWLRQDQGEXLOGORFDOSXEOLFKHDOWKDXWKRULWLHV¶FDSDFLW\\HWDGDSWDWLRQOLWHUDWXUHKDV
not specified how upper-level governments can build local-level adaptive capacity. In this paper we 
examine how federal and regional governments can contribute to enabling and supporting public health 
adaptation to climate change at the local level in federal systems. We outline WKHORFDOOHYHO¶VVHOI-
assessed adaptive capacity for public health adaptation in Canadian and German comparative case studies, 
in terms of funding, knowledge and skills, organizations, and prioritization, drawing upon 30 semi-
VWUXFWXUHGLQWHUYLHZV%DVHGRQLQWHUYLHZHHV¶recommendations and complemented by scientific 
literature, we develop a set of practical measures that could enable or support local-level public health 
adaptation. We find that adaptive capacity varies widely between local public health authorities, but most 
report having insufficient funding and staff for adaptation activities. We propose 10 specific measures 
upper-OHYHOJRYHUQPHQWVFDQWDNHWREXLOGORFDOSXEOLFKHDOWKDXWKRULWLHV¶FDSDFLW\IRUDGDSWDWLRQXQGHU
the interrelated target areas of: building financial capital; developing and disseminating usable 
knowledge; collaborating and coordinating for shared knowledge; and claiming leadership. Federal and 
regional governments have an important role to play in enabling local-level public health adaptation, and 
have many instruments available to them to fulfill that role. Selecting and implementing measures to 
HQDEOHORFDOSXEOLFKHDOWKDXWKRULWLHV¶DGDSWLYHFDSDFLW\ZLOOUHTXLUHWDLORULQJWRDQGFRQVLGHUDWLRQRIWKH
local context and needs.  
 
Keywords: climate change; adaptation; adaptive capacity; public health; health policy; multi-level 
governance; Canada; Germany 
 
1. Introduction 
 
Climate change is already exacerbating existing public health problems and will continue to over the 
coming decades [1]. Climate change impacts health directly through morbidity and mortality associated 
with extreme weather events (e.g., droughts, floods) and indirectly, mediated by natural and human 
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systems (e.g., infectious diseases, air pollution, mental health, food security) [2]. Impacts of climate 
change on human health and wellbeing mainly happen where people live and work, at the local level. All 
levels of government must adapt to reduce the health burden associated with climate change, where 
adaptation refers to "the process of adjustment to actual or expected climate and its effects, in order to 
moderate harm or exploit beneficial opportunities" [3]. Climate change adds additional complexities 
compared to other public health issues [4]. Public health adaptation can be constrained by the uncertainty 
of climate change impacts, lack of financial resources, access to and use of technology, insufficient social 
capital, individual knowledge and perceptions, and the prioritization of more immediate public health 
challenges such as physical inactivity and poverty, and fragmented institutional arrangements [5, 6]. 
 
The division of roles and responsibilities for adaptation are frequently complex and undefined [7]. 
7KRXJKSUHYLRXVO\WKHPDQWUDRI³PLWLJDWLRQLVJOREDODGDSWDWLRQLVORFDO´was common, researchers are 
questioning this assumption as it places responsibility for adaptation on local governments whose budgets 
are least able to absorb the costs of adaptation [7, 8], and overlooks the fact that adaptation is often 
constrained or enabled by processes over which local communities often have limited control [9, 10]. In 
complex governance systems such as federations, allocating responsibilities for adaptation can be 
challenging, as authority for public health is often shared across levels or belongs to regional governments 
[11]. Nonetheless, local public health authorities are uniquely positioned to hold a large role as a key 
collaborator and initiator in reducing the health burden of climate change, given their implementation 
role, knowledge of their local population, and proximity to the impacts of climate change on health [4, 12, 
13]. Assistance is needed from upper-level1 governments for local-level public health adaptation to 
climate change [14], but it is unclear what form that support should take beyond vague calls to build 
capacity [15].  
 
In this paper, we examine how federal and regional governments can contribute to enabling and 
supporting public health adaptation to climate change at the local level in federal systems. We ground our 
main findings within the context of WKHORFDOOHYHO¶V self-assessed adaptive capacity in Canada and 
Germany, two relatively comparable federal countries:HWKHQGUDZXSRQLQWHUYLHZHHV¶SHUVSHFWLYHV
complemented by considerations from the scientific literature and real-world examples, to propose 
concrete measures upper-level governmeQWVFDQWDNHWRILOOORFDOSXEOLFKHDOWKDXWKRULWLHV¶JDSVLQ
adaptive capacity. In focusing on this topic, we seek to inform how upper-level governments can support 
local public health adaptation, and develop usable knowledge for federal and regional decision-makers.  
 
2. Methodology 
 
7KLVSDSHUXVHVDQDGDSWLYHFDSDFLW\DSSURDFKWRFKDUDFWHUL]HORFDOSXEOLFKHDOWKDXWKRULWLHV¶DELOLW\WR
adapt to climate change and identify possible measures federal and regional governments may take to 
enable local public health adaptation. The research was carried out through semi-structured interviews in 
comparative case studies of Canada and Germany. 
 
2.1. Conceptual Framework 
 
$GDSWLYHFDSDFLW\UHIHUVWR³WKHUHVRXUFHVIRUDGDSWDWLRQDQGWKHDELOLW\WRXVHWKHPHIIHFWLvely and 
HIILFLHQWO\DQGLPSOHPHQWLQJDGDSWLYHDFWLRQV´[15]. Adaptive capacity influences DQLQGLYLGXDO¶V
JURXS¶VRU V\VWHP¶VYXOQHUDELOLW\WRFOLPDWHFKDQJHE\PRGHUDWLQJLWVH[SRVXUH (i.e. presence in places 
and settings that could be negatively affected) and sensitivity (i.e., the degree to which the individual, 
group or system is affected by harm or stress) [16-21]. The health impacts of climate change may exceed 
the adaptive capacity of local public health authorities (Appendix A) [4, 14]. Having adaptive capacity 
                                                          
1
 Upper-level governments in this paper refers to federal and regional governments (i.e. provinces in Canada, Länder 
in Germany). 
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will not automatically translate into taking adaptation actions but it is an important precursor [18, 22]. In 
addition, adaptive capacity is unevenly distributed between and within countries, making it important to 
examine how it is, or can be, enhanced or undermined [18, 23].  
 
Adaptive capacity is context specific, meaning there is no single set of indicators of adaptive capacity 
applicable to every setting, and indicators must be tailored to each case [20, 24]. A plethora of adaptive 
capacity indicators have been proposed, including: economic resources, technology, information and 
skills, infrastructure, institutions, equity, priorities, kinship networks and political influence [16, 23, 25-
27]. Drawing on this literature, we selected dimensions of adaptive capacity over which upper-level 
governments could have some influence, and that were most applicable to the context of local public 
health authorities (as opposed to, for example, countries, communities or individuals). Based on these 
parameters, in this Section 3.1. we outline ORFDOSXEOLFKHDOWKDXWKRULWLHV¶VHOI-described adaptive capacity 
in terms of four dimensions: (i) funding ± sufficient financial capital; (ii) knowledge and skills ± adequacy 
of information, knowledge and training on vulnerability and adaptation in the health sector; (iii) 
organizations ± cooperation between actors and policy authority; and (iv) prioritization ± prioritization of 
climate change and adaptation relative to other public health issues (Figure 1). This characterization is not 
an exhaustive measurement of adaptive capacity [18, 27], but introduces ORFDOSXEOLFKHDOWKDXWKRULWLHV¶
needs and gaps for adaptation and serves as context for the proposed measures to build adaptive capacity 
in Section 4. 
 
 
Figure 1. Dimensions of adaptive capacity. 
 
 
2.2. Comparative Case Studies 
 
This research was carried out in comparative nested case studies (Figure 2). Canada and Germany were 
selected as two relatively comparable high income federal countries, in terms of their demographic and 
economic contexts (Table 1), where public health is primarily the responsibility of the provincial and 
Länder governments, respectively [11, 28, 29]. 
 
 The Canadian province of Quebec and the German Land of Baden-Württemberg were included based on 
their role as regional-scale leaders in public health adaptation [30, 31]. The cities of Montreal (Quebec) 
and Stuttgart (Baden-Württemberg) were included as the largest municipalities in their respective regions, 
while the cities of Sherbrooke (Quebec) and Karlsruhe (Baden-Württemberg) were selected for inclusion 
on the basis of progress on adaptation. Selecting regional and local jurisdictions that had made progress 
on adaptation provides an opportunity to learn from what has and has not worked in two regions that are 
advanced in their public health adaptation work. For example, Quebec is known for its progressive health, 
social and climate change policies (and complex relationship with the federal government) [31-33]. All 
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IRXUFLWLHV¶HQFRPSDVVLQJORFDOSXEOLFKHDOWKDXWKRULW\RUHTXLYDOHQWZHUHWKHQDOVRLQFOXGHGthe 
Montreal Public Health Directorate, Stuttgart Urban District Public Health Office, Estrie Public Health 
Directorate and District of Karlsruhe Public Health Office. Of these four local public health authorities, 
only the Stuttgart Urban District Public Health Office is part of the municipal government. The other 
three local public health authorities are distinct institutions from the municipal governments. 
 
 
 
Figure 2. Maps of nested case studies in Canada (top) and Germany (bottom). Map source: first author. 
Data source: Bundesamt für Kartographie und Geodäsie [34], Statistics Canada [35], Statistics Canada 
[36]. 
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Table 1 
 
Demographic and Economic Contextual Information 
 Canada Germany 
Population 
(thousands)a 
National 33476.7 National 82175.7 
Quebec 7903 Baden-Württemberg 10879.6 
Direction de Santé Publique de 
Montreal 1886.5 Stuttgart Urban District 623.7 
City of Montreal 1649.5 City of Stuttgart 623.7 
Direction de Santé Publique de 
O¶(VWULH 310.7 District of Karlsruhe 2762 
City of Sherbrooke 154.6 City of Karlsruhe 307.8 
GDP per Capita 
(USD) (in 2014)b 
National 42353 National 42450 
Quebec 34313 Baden-Württemberg 48609 
a Statistics Canada [37]; Statistisches Bundesamt [38]; Statistische Landesamt Baden-Württemberg [39] 
b OECD [40] 
 
2.3. Data Collection and Analysis 
 
Thirty semi-structured interviews were conducted from June to October 2016. We interviewed 
participants from the federal, regional, and municipal governments, and local public health authorities, 
from the health and environment sectors in each of the sampled jurisdictions. We additionally conducted 
interviews with non-governmental key informants from universities, boundary organizations 
(organizations that facilitate collaboration and knowledge sharing between research and policy 
communities [41]), municipal climate change networks, and non-governmental organizations (NGOs), 
and a key informant from the United States Centers for Disease Control and Prevention (CDC) (Appendix 
B). Interviewees were selected through a combination of purposeful sampling (i.e. individuals working on 
adaptation and/or health in the given jurisdiction) and snowball sampling. 
 
The interview questions covered pre-defined themes of adaptive capacity, division of roles and 
responsibilities, and top-down and bottom-up influence, along with questions regarding WKHLQWHUYLHZHH¶V
UROHWKHDJHQF\¶VDGPLQLVWUDWLYHVWUXFWXUHDQGSURJUHVVRQDGDSWDWLRQDQGWKHUROHRI1*2V (Appendix 
C). Interviewees were asked a variety of open questions related to adaptive capacity, such as the level of 
priority given to climate change adaptation relative to other health issues in the region, their level of 
knowledge on climate change impacts and adaptation, and their capacity (e.g. knowledge, resources and 
skills) to implement adaptation initiatives. Local-level interviewees were also asked questions regarding 
how upper-level governments have enabled or could support local public health adaptation. The same 
interview guides were used in both countries for comparative analysis. This consistent semi-structured 
interview style allowed interviewees to guide the discussion to areas of greatest importance or concern to 
them. 
 
Interviews were conducted in English, French or German based on the preference of the interviewee, the 
latter with the assistance of an interpreter. Most interviews were conducted in person; four were 
conducted by telephone or Skype. All interviews were conducted by the lead author and took 40 to 130 
minutes each to complete. Interviews were audio-recorded, then transcribed and analysed using Atlas.ti 
(version 7.5) coding software. Research ethics approval was obtained for this study prior to commencing 
interviews. 
 
We used deductive coding methods to analyze the interviews for predefined topics of adaptive capacity 
and upper-level government measures supporting local-level public health adaptation. We then conducted 
inductive coding by examining repeating ideas to identify themes discussed by the interviewees that were 
not considered in advance by the research team [42]. We organized local-OHYHOLQWHUYLHZHHV¶UHVSRQVHVWR
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the adaptive capacity questions, along with other relevant comments from the interview, after we selected 
the four key dimensions to form a brief self-assessment of adaptive capacity (Section 3.1.). We similarly 
used qualitative open coding methods to identify recurring themes from the interviews on positive 
experiences of upper-level governments enabling local-level public health adaptation, and local public 
KHDOWKDXWKRULWLHV¶VXJJHVWLRQVIRUKRZXSSHU-level governments could support their adaptation work. We 
included measures recommended or suggested by more than one interviewee. We categorized these key 
themes as ten measures upper-level governments can take to enable or support local-level public health 
adaptation, generalizable to contexts outside Canada and Germany (Section 3.2.). We then collected 
academic literature to provide greater foundation for these needs or proposed measures and coupled them 
with real world examples to make this more readily usable for upper-level governments. 
 
3. Results 
 
3.1. Local-Level Self-Assessed Adaptive Capacity 
In this section we describe WKHIRXUVDPSOHG&DQDGLDQDQG*HUPDQORFDOSXEOLFKHDOWKDXWKRULWLHV¶ self-
assessed adaptive capacity, in terms of funding, knowledge and skills, organizations, and prioritization, 
based on our interview findings. We also provide some institutional context, for example, descriptions of 
regulations or budget decisions influencing local public health adaptive capacity. This section is a 
snapshot characterization, rather than an in-depth analysis of adaptive capacity, and is intended to provide 
context for the target areas and proposed measures federal and regional governments can take to enable 
ORFDOSXEOLFKHDOWKDXWKRULWLHV¶DGDSWLYHFDSDFLW\ (Section 3.2.).  
 
3.1.1. Funding 
All four sampled local public health authorities described lacking the necessary funding to work on (or 
ZRUNPRUHRQDGDSWDWLRQ³,¶PVFDUHGWKDWZHHPEDUNRQSURMHFWVDQG>«@WKDWZHODFNUHVRXUFHV´
(interviewee, Canadian local public health authority). Likewise, the limited funding restricted the number 
RIVWDIIDYDLODEOHWRZRUNRQDGDSWDWLRQ³7KHUHDUHDORWRIILHOGVZHZDQWWRFRYHULW¶VDORWRIZRUNDQG
FOLPDWHFKDQJHLVMXVWRQHVPDOOSDUWEHFDXVH,¶PWKHRQO\SHUVRQGRLQJWKLV´LQWHUYLHZHHGerman local 
public health authority). In 2015 Quebec local Public Health Directorates had their budgets cut by 30% by 
the Quebec provincial government as part of broader provincial health care reforms and cost-saving 
measures. Interviewees were concerned about the possible effect these budget cuts would have on 
adaptation:  
 
³LQDFOLPDWHZKHUH\RX¶UHEHLQJFXWOHIWDQGULJKWDQG\RXUILQDQFHVDQG\RXUUHVRXUFHVDQGVRRQLW¶V
obviously going to be the first thing to go. It may not be the right response, but like anything else you 
FXWLQKHDOWKFDUHZKDWDUH\RXJRLQJWRFXW"(YHU\WKLQJWKDW¶VSUHYHQWLRQ>«@9LVLRQLVVKRUWWHUPLQ
WHUPVRIILQDQFHV´LQWHUYLHZHHCanadian municipality).  
 
In Baden-Württemberg, local actors, including local public health authorities, can apply for competitive 
adaptation funding through the Ministry of the Environment, Climate Protection and the Energy Sector 
(UM) Klimopass program. However, at the time of interviewing, no local public health authorities had 
applied. One German interviewee suggested this may be due to a lack of capacity or personnel to submit 
project proposals, negatively reinforcing this low capacity and lack of resources for adaptation among 
local public health authorities. 
 
In Quebec, the Ministry of Sustainable Development, Environment and the Fight Against Climate Change 
(MDDELCC) provides funding to some municipalities for the development of adaptation strategies 
through the Climat Municipalités [Municipalities Climate] program. However, the local public health 
authorities do not receive dedicated adaptation funding:  
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³<RXZLOOVHHWKH&LW\RI0RQWUHDOKDVWKHFOLPDWHFKDQJHDGDSWDWLRQIXQGIURPWKH4XHEHF
JRYHUQPHQWIRULQIUDVWUXFWXUHIRUDOOW\SHVRIWKLQJVWKHQWKHUH¶VWKH)HGHUDWLRQRI&DQDGLDQ
Municipalities that comes from the federal government. There are funds, but more for city functions 
WKDQSXEOLFKHDOWK´LQWHUYLHZHHCanadian local public health authority). 
 
Overall, local public health authorities find themselves overburdened and struggling to take on additional 
adaptation activities with limited resources on top of their regular work: 
 
³:HKDYHIL[HGWDVNVWKDWZHQHHGWRGRFRUHWDVNV and to do more on top of that is difficult, which 
would require more staff. We have to solve the urgent problems first, then we can see if we have some 
energy and space OHIW´LQWHUYLHZHHGerman local public health authority). 
 
3.1.2. Knowledge and Skills 
Most local public health interviewees described their level of knowledge about climate change and its 
impacts on health to be sufficient or good. They likewise most often perceived themselves to have the 
necessary competencies to adapt to climate change, based on existing skills and experiences on public 
health issues, despite receiving little or no training. 
 
The two local public health authorities in Quebec had a high level of knowledge and experiences on 
climate change and health issues, and had access to a wide range of information from the provincial 
government. The Quebec National Institute for Public Health (INSPQ) contributed to local public health 
DXWKRULWLHV¶Nnowledge on climate change and health by providing targeted research, guidelines and data 
on climate change and health to local public health authorities. Quebec local public health authority 
interviewees emphasized the usefulness of several resources and tools from the INSPQ. For example, the 
Mon climat, ma santé [My climate, my health] website (www.monclimatmasante.qc.ca) provides 
information for both public health practitioners and the public on the health impacts of climate change in 
Quebec. Another example is the SUPREME (Surveillance and Prevention of the impacts of Extreme 
Meteorological Events on public health) system developed by the INSPQ, which includes functions for 
data acquisition and integration, risk analysis and alerts, cartographic applications and climate change and 
health information (see Toutant et al., 2011). 
 
In Baden-:UWWHPEHUJORFDOSXEOLFKHDOWKDXWKRULW\LQWHUYLHZHHV¶NQRZOHGJHRQFOLPDWHFKDQJHDQG
health came primarily from their own initiative (e.g. online searches, informally requesting information 
from upper-level governments). Interviewees in both local public health authorities said they are not 
SURYLGHGZLWKLQIRUPDWLRQRQFOLPDWHFKDQJHDQGKHDOWK³,W¶VQRWFRPPRQWKDWZH>WKHDXWKRULWLHV@are 
VXSSOLHGZLWKLQIRUPDWLRQZHQHHGWRILQGLWRXUVHOYHV´LQWHUYLHZHHGerman local public health 
authority). Such research and information exists, but it is not as readily applicable as the downscaled data 
and analysis packaged for local public health authorities in Quebec.  Municipal government interviewees 
in Baden-Württemberg reported generally higher levels of knowledge on climate change impacts and 
adaptation planning than their Public Health Office counterparts.  
 
3.1.3. Organizations 
Some public health bodies considered their capacity to be lower if they were separate from the municipal 
government, rather than part of it, as in three of the sampled local jurisdictions (Montreal, Estrie and 
Karlsruhe). When they are separaWHLQVWLWXWLRQVFRRUGLQDWLRQLVVXHVDUHFRPPRQUHGXFLQJERWKERGLHV¶
adaptive capacity. Moreover, as separate institutions with different funding channels, public health 
interviewees pointed out that municipal governments do not benefit financially from any health care 
savings derived from preventative public health adaptation interventions. Public health must convince 
municipal governments to implement preventative measures simply because the municipality wants to 
benefit the public. Coordination challenges between local public health authorities and municipalities, and 
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the consequent capacity issues, are further compounded in jurisdictions such as Estrie, where the Public 
Health Directorate covers a geographic area that includes a large number of municipalities:  
 
³+HUHSXEOLFKHDOWKLVVHSDUDWHGIURPWKHPXQLFLSDOLWLHV:HKDYHPXQLFLSDOLWLHVWKDWPDNHVDORW
RIZRUN>«@%XWLWUHTXLUHVDORWRIHQHUJ\EHFDXVHWKH&LW\RI6KHUEURRNHZHFDOOZHWH[WZHQHHG
WREHIULHQGVRWKHUZLVHLWGRHVQ¶WZRUN%XWZLWKPXQLFLSDOLWLHV,GRQ¶WNQRZ,W¶VUHDOO\D
FKDOOHQJH´LQWHUYLHZHHCanadian local public health authority). 
 
Local public health authorities in our study were almost unanimously considered to have an 
implementation role in public health adaptation by interviewees at all levels of government. However, 
public health often lacks the jurisdictional authority to implement many public health adaptation 
initiatives. For example, public health authorities may want to increase green canopy to reduce the urban 
heat island effect and associated heat-related morbidity or mortality, but does not have jurisdiction in the 
city over tree planting:  
 
³SXEOLFKHDOWKWKH\¶OOSURPRWHKDYLQJPRUHWUHHVDQGSDUNVDQGDFFHVVWRVKRUHVDQGVRRQEXWWKH\
KDYHQRMXULVGLFWLRQRYHUWKDW7KH\¶UHMXVWSURPRWLQJDQLGHD7KH\FDQ¶WPDNHWKHFLW\GRDQ\WKLQJ
The city has to decide to do somHWKLQJ´LQWHUYLHZHHCanadian municipality).  
 
3.1.4. Prioritization 
The level of priority given to climate change relative to other public health issues varied between the 
sampled local public health authorities. Interviewees in Quebec accorded adaptation a relatively high 
level of priority because the 2015-2025 Quebec national public health program requires all regional 
Public Health Directorates to consider climate change in their regional public health plans:  
 
³,ZRXOGVD\LW¶VDSULRULW\,W¶VDSULRrity because we must never forget that the regional public health 
SODQLVSDUWLFXODUZLWKWKHQDWLRQDOSXEOLFKHDOWKSURJUDP>«@VRWKHFOLPDWHFKDQJHFRPSRQHQWXQGHU
WKHHQYLURQPHQWDOKHDOWKVHFWLRQLVDSULRULW\´LQWHUYLHZHHCanadian local public health authority). 
 
Climate change was a much lower priority for the Karlsruhe Public Health Office, for example, which 
was overwhelmed by other public health issues at the time of the interviews. For the Karlsruhe Public 
Health Office, certain public health issues relating to climate change are considered high priority at times, 
such as mosquito-borne infectious diseases or above-average temperature, rather than climate change as a 
whole. 
 
Among Baden-Württemberg local public health authority interviewees, the lack of a legal framework or 
legal security was considered to be DEDUULHUWRZRUNLQJIXUWKHURQSXEOLFKHDOWKDGDSWDWLRQ³7KHUHDOVR
QHHGVWREHWKHOHJDOVHFXULW\WKDW\RXNQRZZKDW\RX¶UHGRLQJEHFDXVHWKHLPSOHPHQWLQJWDNHVSODFHDW
the local level bXW\RXQHHGWKHVWUXFWXUHIURPDERYH´LQWHUYLHZHHGerman local public health 
authority).  
 
3.2. Proposed measures to support local-level public health adaptation 
In this section, we discuss concrete measures federal and regional governments could take to better 
support or enable local-level public health adaptation. The ten measures listed were suggested or 
recommended by interviewees, which we complemented by noting examples from other jurisdictions and 
considerations from the scientific literature. These measures can be grouped into four action-oriented, 
overlapping target areas that address each of the four dimensions of adaptive capacity discussed above: 
build financial capital (funding); develop and disseminate usable knowledge (knowledge and skills); 
collaborate and coordinate for shared knowledge (organizations); and claim leadership (prioritization) 
(Figure 3). We have purposefully sought to keep these measures relatively generalizable, however, 
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selecting or implementing any of the below measures will require consideration of the appropriateness for 
the economic, political and social context, and consequently may necessitate some modifications. 
 
 
Figure 33URSRVHGPHDVXUHVWRHQDEOHORFDOSXEOLFKHDOWKDXWKRULWLHV¶DGDSWLYHFDSDFLW\organized by 
adaptive capacity dimension (middle circle) and target area (outer circle). 
 
 
3.2.1. Build Financial Capacity 
Equip local public health authorities with a dedicated adaptation budget. Interviewees argued for 
earmarked adaptation budgets because:  
 
³WKHQZHZRXOGEHFDSDEOHRIVWDUWLQJRXURZQSURMHFWVDQGQRWUHO\LQJRQVRPHWKLQJEHFDXVHLW¶V
DOZD\VERXQG/LNHZKHQWKHVWDWHJLYHVPRQH\DQGLW¶VIRUXYZ, and with your own budget you can 
GHFLGHZKDWNLQGRISURMHFWZHZRXOGOLNHWRVWDUW´LQWHUYLHZHHGerman local public health 
authority).  
 
The public health sector has a propensity for unfunded mandates and prioritization of urgent public health 
issues, such as disease outbreaks, smoking or obesity [28]. Without explicit mandates and earmarked 
funding, adaptation and projected future public health risks will rarely be prioritized. In such a context, 
and in contrast to recommendations in other sectors, mainstreaming adaptation into existing funding may 
not be the best approach for the public health sector, but rather dedicated adaptation funds and 
mechanisms could be necessary to ensure that adaptation funding and capacity are not absorbed into other 
priorities. 
 
Provide sufficient funding over a longer period. Perhaps unsurprisingly, interviewees all agree having 
sufficient funding is crucial for adapting to climate change. Interviewees argued funding must be 
provided over longer terms, rather than simply for short and targeted projects, to ensure foreseeable 
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funding security, enable longer term agreements with partners, and to allow for well planned projects, a 
consideration also established in scientific literature [22, 44, 45]. There must also be sufficient funding to 
bring about changes such as hiring additional staff in local public health offices:  
 
³LIWKH\JHWPRUHPRQH\WKH\FDQ¶WGRPRre because they also only have 24 hours a day. It has to be so 
PXFKWKDWWKH\FDQSXWVRPHRQHIRUKDOIWLPHWKHUHWRGRVRPHWKLQJDERXWDGDSWDWLRQDQGWKHUH¶V
DOZD\VORWVRISHUVRQQHOFRVWV%HFDXVHIRUMXVWDIHZWKRXVDQGHXURVLW¶VYHU\KDUGWRGRVRPHWKLQJ´
(interviewee, South German Climate Office). 
 
Lastly, one of the local public health authority interviewees argued funding should be provided directly to 
local public health bodies that have sufficient policy capacity and innovation on their own to deal with 
public health interventions and adaptation on the ground, rather than holding the funding within upper-
levels of government. 
 
3.2.2. Develop and Disseminate Usable Knowledge 
Provide usable knowledge. Access to information is insufficient for adaptation ± actors must also be 
able to transform that information into usable and applicable knowledge for evidence-based decisions 
[46]. Interviewees emphasised the need for training and guidelines that translate theory into practice and 
include examples of best practices with ORJLVWLFDOLQIRUPDWLRQVXFKDV³KRZGRHVLPSOHPHQWDWLRQZRUN
what funGLQJORRNVOLNHKRZPDQ\VWDIIDUHZRUNLQJRQLWZKDWWKHVSHFLILFFRQWH[WRUFRQGLWLRQVDUH´
(interviewee, German municipality). Other interviewees suggested upper-level governments could 
develop adaptation frameworks for local authorities to adopt, facilitate region-wide pilot projects, or 
provide specific ideas for adaptation measures: ³0RUHLGHDVQRWLQJHQHUDOPRUHLQIRUPDWLRQZHKDYHD
ORWRILQIRUPDWLRQ>EXW@ZHFDQ¶WSURFHVVLWDOO%XW>ZHQHHG@PRUHLGHDV5HDOO\JRRGLGHDVDQGPD\EH
projects RUWKLQJVWRLPSOHPHQW´LQWHUYLHZHHGerman local public health authority). The need for usable 
knowledge has been identified elsewhere, and practical examples include the US CDC BRACE 
framework which proposes five steps for sub-national public health agencies to conduct health 
vulnerability assessments and adaptation [47] and WKH%$6(SURMHFWµ$GDSWDWLRQ,QVSLUDWLRQ%RRN¶RI
case studies of adaptation measures in Europe [48]. Lastly, for knowledge to be usable it must be 
translated into regional languages (e.g., French, German) and be accessible to a public health audience. 
The provision of usable knowledge is part of a larger role for upper-level governments in identifying 
promising pilot projects and spreading the ideas to other jurisdictions to emulate.  
 
Provide quantitative research findings and data to local practitioners. Local public health authority 
interviewees in Germany said they do not receive research or surveillance data from the Baden-
Württemberg government, although they can call and request information. In contrast, in Quebec, local 
public health authorities receive a variety of data and research findings from the provincial government 
which they find concrete and helpful. These include, for example, annual epidemiological analyses of the 
health impacts of extreme heat by region [49], and the SUPREME system, discussed in Section 3.2. In 
regard to the need for quantitative research findings and data, one interviewee noted that: 
 
³PRVWRIWKHVWXGLHV,¶YHVHHQLQWKHSDVW,VHHPRUHWKDWWKH\GHOLYHULQIRUPDWLRQZKLFKLVPRUH
qualitative, but I want to know quantitative. The planner in the city wants to know if we build a city in 
that way or this pavement will be changed to green or green to pavement, how will this change under 
FOLPDWHFKDQJHFRQGLWLRQV´LQWHUYLHZHH'HXWVFKHU:HWWHUGLHVQW 
 
Estimating or quantifying the additional burden on health due to climate change (i.e. projecting the 
disease burden) is one such data need and has been identified as a challenging but important step in public 
health adaptation that can be used in cost-benefit analyses [12, 47]. Projecting the disease burden of 
climate change is highly data intensive, however, and requires downscaled and tailored climate projection 
data, meteorological data and health outcome data for a specific region [50, 51]. 
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Disseminate information on how local public health adaptation is being done in other jurisdictions. 
Upper-level governments have a higher-level overview of public health adaptation activities in other 
jurisdictions, both dRPHVWLFDOO\DQGLQWHUQDWLRQDOO\7KLVLQIRUPDWLRQPXVWWKHQEHGLVVHPLQDWHGµEDFN
GRZQWKHODGGHU¶WRORFDOSXEOLFKHDOWKDXWKRULWLHVKRZHYHUWRDOORZWKHPWRconsider a variety of 
adaptation possibilities and contact other jurisdictions who have faced or overcome similar challenges. 
One interviewee said governments may already be:  
 
³FROOHFWLQJWKHLQIRUPDWLRQEXWLWGRHVQ¶WUHDFKPH>«@ ,DOZD\VWKLQNµRKLQ*HUPDQ\Hverything is 
YHU\ZHOOVRZHNQRZKRZWRGRWKLQJV¶EXWPD\EHQRW:KDW,GRQ¶WKDYHLVLQIRUPDWLRQRQKRZLWLV
LQRWKHUFRXQWULHV$QGWKLVLVVRPHWKLQJWKDW,ZRXOGOLNHWRNQRZ´LQWHUYLHZHHGerman local public 
health authority). 
 
Interviewees suggested it could be helpful to look to countries that currently have the climatic conditions 
projected for their region:  
 
³,ZRXOGOLNHWRNQRZZKDWLV5RPHGRLQJ7KHSHUVRQOLNHPHLQ5RPH,PHDQ5RPHLWPXVWEH
very hot. So they must do something, there KDVWREHVRPHWKLQJ2U%DUFHORQD,GRQ¶WNQRZ6RWKLV
ZRXOGEHTXLWHLQWHUHVWLQJ7KHQZHFRXOGFRPSDUHDQGPHDVXUHRXUVXFFHVV´LQWHUYLHZHHGerman 
local public health authority). 
 
This could entail, for example, setting up networks of knowledge exchange, such as the Climate 
Adaptation Knowledge Exchange (CAKE) which maintains an online library of adaptation case studies, 
or creating databases of public health adaptation activities such as the German national Program for the 
Environment and Health (APUG) database.  
 
3.2.3. Collaborate and Coordinate for Shared Knowledge 
Develop mechanisms for exchanges between public health authorities. In order to coordinate and link 
people working on adaptation and reduce duplication, one interviewee suggested federal and regional 
governments could be: 
 
³FUHDWLQJH[FKDQJHVRQEHVWSUDFWLFHV,W¶VWDNLQJZKDWLVEHLQJGRQHLW¶VSURPRWLQJH[FKDQJHV
EHWZHHQUHJLRQV>«@7KHH[FKDQJHEHWZHHQWRROVWKHH[FKDQJHEHWZHHQSURIHVVionals, all 
SURIHVVLRQDOV>«@,QP\RSLQLRQWKDW¶VZKDWWKHKLJKHU-level governments should be doing. 
'HYHORSLQJVXSSRUWSURJUDPV,QVWHDGRIUHFUHDWLQJWKHVDPHER[RUWKHVDPHWRRO´LQWHUYLHZHH
Canadian local public health authority). 
 
One form this could take is: 
 
³DKXJHPHHWLQJIRUDOOWKHGHSDUWPHQWVDQGWKH\SUHVHQWWRDOORIXV,NQRZWKH\ZDQWWRWDON
separately to Karlsruhe, to Stuttgart, all the cities, but it is not possible. But to make a huge workshop 
RUMXVWDRQHGD\SUHVHQWDWLRQ´LQWHUviewee, German local public health authority). 
 
Another form could be networked learning partnerships for collaboration or knowledge sharing between 
jurisdictions [12]. It could also link into existing platforms, such as the recently established Communal 
Health Conferences in Baden-Württemberg, with discussion time devoted to adaptation. Similarly, many 
local public health interviewees said they lacked contacts in upper-level governments, which constrained 
their adaptation activities. Creating a directory of key contact people for different climate change and 
health issues in upper-level governments would help ensure local public health practitioners have 
sufficient information and guidance to enable adaptation. 
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Implement mechanisms to bring actors together from different sectors. Local public health 
DXWKRULWLHVLQWHUYLHZHGDJUHHG³FOLPDWHFKDQJHDGDSWDWLRQLVDYHU\FRPSOH[WRSLFDQGQRWHYHU\WRSLFZH
cover we have to contact as many actors as we do for this WRSLF´LQWHUYLHZHHGerman municipality). 
Connecting with actors from other sectors or levels of government is challenging, and as one interviewee 
likewise points out: ³WKHVHDFWRUVGRQ¶WDFWXDOO\FRPHWRJHWKHUQDWXUDOO\>«@LWQHHGVVRPHWKLQJ
someone, to be able to do this to develop projects in thLVZD\´LQWHUYLHZee, Ouranos). One local public 
health authority interviewee proposed a platform µexpertise to give, expertise sought¶³,IWKHUHZDVD
SODFHDZHEVLWHRUDQDGGUHVVIRUUHTXHVWVµ,KDYHDQLQWHUHVWLQJSURMHFWLVWKHUHVRPHRQHZKRZRXOGOLNH
to work with XV"¶´LQWHUYLHZHHCanadian local public health authority). Such a platform could be 
regional, national, or international, and would help local public health authorities find partners for 
adaptation initiatives. Boundary organizations ± whose primary goals are typically to link science and 
policy ± are another possible such mechanism to bridge actors [22]. The Ouranos Consortium in Quebec 
is an example of a boundary organization that seeks to support adaptation at all levels of government in 
the province through climate scenarios and services, and co-financing for interdisciplinary and multi-
institutional projects. Local public health authorities would benefit from strong cross-sectoral 
relationships by receiving reliable climate services and other information, while providing public health 
expertise in return to adaptation initiatives in other sectors [4].  
 
Send experts to the field to connect with and assist local practitioners on the ground. Local public 
health interviewees were adamant that public health interventions must happen on the ground. 
Interviewees argued that for knowledge transfer on public health adaptation to be most effective, experts 
must come to the field:  
 
³ZKDWZHQHHGLVIRUSHRSOH¶VH[SHUWLVHWRUHDOO\FRQWULEXWHDQGWKDWWKH\¶UHUHDG\WRFRPHKHUH:H
GRQ¶WZDQWSHRSOHWRVHQGXVGRFXPHQWVDQGVWXGLHV,W¶VUHDONQRZOHGJHWUDQVIHUWKDWZHQHHG
meaning that we sit with people, listen to their needs, and produce documents, and influence. If they 
VWD\LQ2WWDZD>&DQDGD¶VFDSLWDO@ «>«@,I\RXZDQWWRZRUNZLWKXV\RXQHHGWo help us produce 
WKLQJV\RXQHHGWRUHDGRXUGRFXPHQWV\RXQHHGWREHSDUWRIWKHWHDP7KDW¶VDQLFHRIIHURIKHOS´
(interviewee, Canadian local public health authority). 
 
One example of this in practice is WKH'DQLVK0LQLVWU\RI(QYLURQPHQW¶Vmobile team which visits 
municipalities in person to guide them in adaptation and facilitate collaboration with other stakeholders 
[52]. 
 
3.2.4. Claim Leadership 
Demonstrate prioritization from above. Interviewees among both local public health authorities and 
municipal governments found it not only encouraging to see upper-level governments engaging on 
adaptation issues themselves, but also helpful in making adaptation a priority within their own department 
or agency. Several interviewees highlighted what they perceived to be a signal of prioritization of climate 
change issues when upper-level governments changed their name to include climate change (e.g., 
Environment and Climate Change Canada)DVWKLV³VKRZVWKHLPSRUWDQFHDQGVD\VµWKLVLQWHUHVWVXV¶´
(interviewee, Canadian local public health authority). Despite the fact that these kind of so-called 
µV\PEROLFSROLFLHV¶GRQRWGLUHFWO\LQFUHDVHUHVLOLHQFHRUUHGXFHYXOQHUDELOLW\WRFOLPDWHFKange [53], they 
can serve to show enabling leadership and prioritization to lower-level governments [54]. Meijerink and 
Stiller [54] suggest upper-level governments may also claim leadership through three other functions that 
correspond to the three other target areas in this section: first, communication of adaptation objectives and 
allocation of resources for adaptation (Section 4.1.); second, dissemination of ideas within networks 
(Section 4.2.); and third, connecting actors and stimulate collaboration (Section 4.3.). 
 
Require adaptation or consideration of climate change in local public health planning. Local public 
health authorities in the German case study wanted to be legally obliged to adapt to climate change or 
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consider climate change in their work because they wanted it to be regulated and provide legal security. 
German interviewees believed needed financing and political backing would follow legislation. In 
Quebec, Public Health Directorates are required to include consideration of climate change in their 
Regional Action Plans 2015-2025, a move that was viewed positively by Public Health Directorate 
interviewees. Interviewees noted that requiring adaptation or requiring reporting of adaptation progress 
may provide a stimulus to adapt to climate change³$V scientists we can say a lot to the communities, but 
DVORQJDVWKH\GRQ¶WJHWWKHJUHHQOLJKWIURPWKHWRSWRGRVRPHWKLQJWKH\GRQ¶WGRDQ\WKLQJ´
(interviewee, South German Climate Office), as was the case with the United States Executive Order 
13514 and the United Kingdom Climate Change Act [55, 56]. Any requirements of adaptation are best 
accompanied by dedicated funding and guidance, or risk adding unfunded mandates [28] or enabling 
maladaptation. This measure is highly FRQWH[WGHSHQGHQWEHFDXVHLWPXVWILWWKHMXULVGLFWLRQV¶VW\OHRI
intergovernmental relations. It is likely only regional governments that have the policy authority and 
jurisdictional mandate to require local public health adaptation in federal systems. Such a hierarchical 
approach represents a steering paradox in federal systems that must balance prioritization of autonomy, 
against top-down coordination and facilitation needs [57]. 
  
4. Discussion and Conclusions 
 
In this paper we have argued that local public health authorities often lack necessary adaptive capacity, or 
the prioritization to mobilize this capacity, despite being considered to have the implementation role in 
public health adaptation, similar to other studies [7]. Local public health authorities have the potential to 
SOD\DFULWLFDOUROHLQLQFUHDVLQJSRSXODWLRQV¶UHVLOLHQFHRUUHGXFLQJYXOQHUDELOLW\WRWKHKHDOWKLPSDFWVRI
climate change because of their knowledge of the local population and the localized nature of climate 
change impacts [4]. Although some larger local public health authorities will already have the necessary 
adaptive capacity, wide disparities exist with the adaptive capacity of smaller local public health 
authorities. Upper-level governments can guide effective adaptation and ensure equity in adaptation and 
DGDSWLYHFDSDFLW\DPRQJYXOQHUDEOHSRSXODWLRQVDQGVPDOOHUFRPPXQLWLHV³ZHQHHGWROHYHOWKHSOD\LQJ
ILHOG>«@,W¶VDERXWEXLOGLQJFDSDFLW\LW¶VDERXWPDNLQJVXUHWKDWDFWRUVWKDWGRQ¶WKDYHWKRVHUHVRXUFHV
SXEOLFKHDOWKRIILFLDOVFDQWDNHWKRVHDFWLRQV´LQWHUYLHZHH+HDOWK&DQDGD 
 
There is broadly consensus in the scientific literature that upper-level governments have a role to play in 
providing assistance to local public health authorities for public health adaptation [14], but the literature 
does not go beyond vague calls to build local-level capacity. In this paper we have drawn upon 
LQWHUYLHZHHV¶SHUVSHFWLYHVDQGORFDOSXEOLFKHDOWKDXWKRULWLHV¶QHHGVFRPSOHPHQWHGE\DGDSWDWLRQ
literature, to develop a variety of specific, concrete measures upper-level governments can take to enable 
ORFDOSXEOLFKHDOWKDXWKRULWLHV¶DGDSWLYHFDSDFLW\ These measures would help provide the necessary 
resources for adaptation, but also enable local public health authorities to use them effectively and 
efficiently: the two crucial elements for adaptive capacity. We organize these measures based on the 
adaptive capacity framework under the action-oriented target areas of i) providing financial capital, ii) 
developing and disseminating usable knowledge, iii) collaborating and coordinating for shared 
knowledge, and iv) claiming leadership. Selecting which measures to implement will require 
consideration of the appropriateness and need in the local context, just as implementing them will require 
some tailoring. Once the elements of adaptive capacity are available, and in the absence of requirements 
for adaptation, local public health authorities will need to balance prioritization of long-term adaptation 
planning with immediate pressing public health concerns. 
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